Background: Tobacco use leads to many health complications and is a risk factor for the occurrence of cardio vascular diseases, lung and oral cancers, chronic bronchitis etc. Almost 6 million people die from tobacco-related causes every year. This study was conducted to measure the prevalence of tobacco use in three different areas around Chennai city, south India.
Introduction
Tobacco is used in forms either designed for smoking or for non-smoking routes. Tobacco use alone is currently ranked fourth in the world in its contribution to years of life lost [1] . The smokeless forms of tobacco are used mostly in developing countries, especially those in south East Asia. In India, tobacco is smoked as a cigarette, beedi (a thin, Indian cigarette filled with tobacco flake and wrapped in a tendu leaf tied with a string at one end) cheroot (a cigar cut square at both ends), or in a pipe. The smokeless forms of tobacco are chewed as raw tobacco leaves or panmasala (a mixture of arecanut, tobacco and other ingredients), or inhaled as snuff. Tobacco use is considered to be one of the chief preventable causes of death in the world. Globally, smoking causes about 71% of lung cancer, 42% of chronic respiratory diseases and about 10% of cardiovascular disease. It is responsible for 12% and 6% of male and female deaths respectively [2] . In India, it was reported in 1990 that 1.5% of the total deaths were tobacco related [3] . Tobacco continues to kill 6 million people each year globally, including more than 600000 non-smokers who die from exposure to tobacco smoke [4] . The chewing of tobacco products is a risk factor for oral cancers [5] . Further, tobacco consumption was found to be higher among the lower socioeconomic groups [6] .
Basic data on tobacco use at the national level is available from the National Family Health Surveys [7] (a large scale, multi-round survey conducted in a representative sample of households in India). To estimate tobacco use among school children in the 8 th grade to 10 th grade (ages 13 to 15 years) and adults (of age .15 years), nationwide Global Youth Tobacco Survey (GYTS) [8, 9] and Global Adult Tobacco Survey (GATS) have been conducted [10] . However, there is limited data on the social and behavioural factors that influence the use of various forms of tobacco and attitudes of tobacco users towards quitting the habit. Accordingly a study was planned and conducted in urban, semiurban and rural populations residing in and around Chennai city in the southern Indian state of Tamilnadu to estimate: a) the prevalence of use of various forms of tobacco (cigarette/beedi smoking, smokeless chewing tobacco or snuff) and study the factors that influence use of tobacco. Behavioural patterns of tobacco use among the adult population are described, based on their knowledge, attitude and practice as captured in the questionnaire adapted from GYTS and GATS.
Materials and Methods

Study population
This study was conducted in selected wards of Chennai city (urban), Ambattur municipality (semi-urban) and villages of Sriperumbudur taluk (Rural) among individuals aged . = 15 years.
Study design
The national estimate of prevalence of consumption of tobacco in any form among 15-54 year old men was 57.6% and that among women was 10.8%, with an overall prevalence of 28.3% [7] . With a relative precision of 10%, coverage of 90% and design effect of 2, the required sample size was estimated at 2141. This sample size was used in each of the three study areas (urban, semiurban, and rural).
Twenty percent of the sampling units (villages in rural area and wards in urban and semi urban areas) were randomly selected and the sample size was equally distributed among the total units in each centre. Within the selected unit, households were selected as follows: from among the subunits of the rural area (main village, colony and hamlets), one unit was randomly selected and within that unit the survey began from the household in the northwest corner and proceeded continuously till the required sample for that unit was completed. All adults aged 15 years and above within that household were included in the survey. For the urban and semi-urban areas, the subunits were the streets; from those subunits, one street each was randomly selected from slum and non slum localities and the survey commenced from the north west corner of the selected street.
The survey was carried out between September 2009 and September 2011.
Data collection
Data on tobacco use was collected using a questionnaire adapted from both Global Youth Tobacco Survey and Global Adults Tobacco Survey questionnaires [11] to collect information on knowledge, attitude and perception of tobacco use among the participants. Data on tobacco use, the type of tobacco, duration of usage, age at which the tobacco use started etc., were collected using this questionnaire. Written informed consent was obtained from all participants.
Ethics statement
The study was approved by the Institutional Ethics Committee (of National Institute for Research in Tuberculosis (No: NIRT IEC 200902)). In case the participant was in the age group of 15-18 years, written consent was obtained from his/her parents or guardian. The consent procedure was approved by the ethics committee.
Data management and Statistical analysis
The data were scrutinised and computerized, using double data entry, edited and corrected for discrepancy and missing information. Data were analysed using SPSS/PC version 14.0.
Estimates of prevalence of all forms of tobacco (with smoke and/or smokeless) use along with their 95% confidence intervals were computed. For analysis, it was decided to combine those individuals who used both forms of tobacco along with the smoking group as it was earlier reported that they have the same profile as that of smokers [12] . Chi square test was used to look at the association between groups and to see the trend with age. P value ,0.05 was considered significant.
Multivariate analysis. It is known that there is preference for any one form of tobacco, either smoke or smokeless. We wanted to explore the factors that influence this preference. For this multinomial logistic regression analysis was carried out with the type of tobacco user as the outcome variable. Accordingly, the outcome variable had 3 values namely 0 -for non users, 1-tobacco smokers and 2 for smokeless tobacco users. The predictor variables considered were, age, gender, locality (slum or non slum), area (urban, semi-urban or rural) and alcoholism.
Cluster Analysis. We attempted to study the patterns of tobacco use among adults based on their responses to the questions in the questionnaire. Accordingly they were grouped into different domains (as per GATS) like (a) Use of tobacco (b) User's attitude towards stopping tobacco (c) Exposure to second hand smoking and (d) User's knowledge on messages/media contents on tobacco use (Table 1 ). Cluster analysis was undertaken using SPSS v14.0 to study the patterns among current tobacco users with respect to variables (Table 1) under the above mentioned domains.
Hierarchical cluster analysis was carried out to get an idea about the naturally occurring clusters in the data in terms of the variables. Ward's technique was used as it provides the cluster centres, a measure to explore the optimal number of clusters. Then, with this information, K-means cluster analysis was performed, based on cluster centres from the hierarchical analysis, to refine the solution further. While using K means cluster we have used list wise exclusion option, which used only those cases that had responses for the clustering variables (Table 1 ) used in the analysis. Also, only current tobacco users were included in the analysis.
Results
The total sample size from all the three areas was 7,510 ( Table  2) . Fifty three percent were females, and the 15-44 year age group was predominant in all three areas (Rural (R) 68%, Semi -Urban (SU) 68%, Urban (U) 59%).
Overall tobacco use
Combining all the three areas, the overall prevalence of tobacco use was 21.4%, this being 23.7%, 20.9% & 19.4% respectively in rural, semi-urban and urban areas; the differences were statistically significant (p value , 0.001) ( Table 3 ). Tobacco smoking prevalence was 13.5% (R-14.3%, SU-13.9%, U-12.4%). The corresponding prevalence for smokeless tobacco use was 7.8% (R-9.5%, SU-7.0%, U-7.0%).
The prevalence of tobacco increased with age ( Figure 1 ) and this increase was found to be statistically significant (Chi-square for trend = 189, P value ,0.001). Prevalence of tobacco use was significantly higher (39.6%) among males when compared to females (5.0%) (P value ,0.001). A significantly higher prevalence of tobacco use was observed in slum areas (27.9%) when compared to that in non-slum areas (18.3%) (P value ,0.001). A significantly higher proportion of males resorted to tobacco smoking (28.4%) and smokeless tobacco (11.1%) when compared to the same (0.1%) and (4.9%) respectively among females (P value ,0.001).
Among tobacco smokers
Seventy seven percent of smokers used cigarettes and 34% used beedis (Table 4) . Sixty percent started smoking between the age of 15 to 24 years, and 44% had been smoking for more than 20 years. Sixty nine percent smoked daily while 52% smoked less than five times per day. Sixty eight percent wanted to stop smoking, and 27% had stopped smoking for a duration of less than one year. The main reason provided for stopping smoking habit was intention to improve health.
Among smokeless tobacco users
Chewing of raw tobacco leaves (57%) was the most common type of smokeless tobacco use, followed by the chewing of panmasala (29%) ( Table 5 ). Forty percent had been using smokeless tobacco products for #5 years, with 73% using one or other smokeless tobacco product on all days in a month. Seventy eight percent of the users used one or other product # 5 times per day. Fifty four percent wanted to stop the habit, however, only 33% of the users ever tried to stop the habit during the entire course of their smokeless tobacco use. Among the smokeless tobacco users, 23% had stopped the habit for less than 1 year. The main reason given for stopping the habit was to improve the health.
Awareness on second hand/passive smoking
Of the survey participants, 93% felt that smoking by others was harmful to them (Table 6 ). However, only 20% said that someone had smoked in their presence in their home within the last 7 days. But 51% said that someone had smoked in their presence outside their home during the same period. Ninety nine percent were in favour of banning all types of smoking in public places. Ninety two percent had seen anti-tobacco messages in the media during the past one month.
Knowledge and attitude among adolescents
An additional 17 questions were asked to persons aged 15 to 18 years (n = 482). Two thirds said that their parents did not smoke. Ninety three percent answered that they would not accept any tobacco item offered to them even by their best friends. Forty two percent said that they had discussed the harmful effects of tobacco smoking in their homes, and 96% said that they would not start smoking in the next 5 years. Sixty nine percent felt that it would be difficult to quit smoking once started. Forty two percent replied that smokers would be uncomfortable in parties and celebrations, 37% felt that boys who smoked tobacco were less attractive whereas 49% felt that girls who smoked were less attractive. Ninety three percent replied that tobacco use was harmful to health.
Factors influencing tobacco use
Multinomial logistic regression analysis was done taking tobacco user as the dependent variable. Here non users were considered as the reference group. Age, gender, locality, area and alcoholism were found to be significant. The fitted regression model was significant (Chi square = 3121; P value = 0.000) and the model could correctly classify 85% of the observations, suggesting a good fit of the model.
As observed earlier, it was seen for both groups of users, that there was a significantly higher risk of tobacco use among those who lived in slum localities, rural areas, among males, older persons and those who consumed alcohol. The adjusted odds ratios for those who smoked and those used only smokeless tobacco are shown in Table 7 . It may be seen that the odds of using tobacco (with smoke or smokeless) was significantly lower in urban areas when compared to rural areas.
Similarly, the odds of tobacco use significantly increased with age, when all other variables are were held constant. A very high odds of 192.9 of smoking tobacco among males was due to the fact that women here hardly smoke however, when use of smokeless tobacco is concerned, the difference is not so large.
Patterns of tobacco users
Among male Tobacco smokers. Of the 1011 male smokers, 839 were current smokers and among them only 567 individuals responded to all the relevant questions. Hence the analysis was restricted only to these 567 individuals. Cluster analysis showed that smokers broadly fell in 4 groups as shown in Table 8 .
Group one, were those smokers (35%) who did not receive any help or advice to quit the habit. The second group (27%) smoked in spite of knowing the harmful effects of tobacco. The third group (8%) wanted to quit the habit, but still continued to smoke. The fourth group (30%) consisted of those smokers exposed to passive or second hand smoking at home or outside.
Smokeless tobacco users. Of the 589 smokeless tobacco users only 534 were current tobacco users. Among these, only 393 had responses for all the clustering variables. Hence the analysis was restricted to these 393 individuals. Cluster analysis showed that the smokeless tobacco users formed 3 groups as shown in Table 9 . Table 5 . Responses to queries put to smokeless tobacco users only (n = 589). Group one was those users (13%) who did not receive any help or advice to quit the habit. The second group (32%) knew the harmful effects of tobacco. The third group (55%) wants to quit the habit, but still continue to use smokeless tobacco.
The major difference observed between the patterns of smokers and smokeless tobacco users was that, the proportion that used tobacco unconditionally was smaller among smokeless tobacco users when compared to that among smokers. Further, a higher proportion of smokeless tobacco users wanted to quit and were aware of the ill effects of tobacco compared to the smokers.
Discussion
In this survey conducted in and around Chennai city in South India, we observed that the overall prevalence of tobacco use (any Table 7 . Factors associated with the use of tobacco. Table 8 . Behavioural patterns among tobacco smokers based on their attitude, knowledge and practice. form) was 21%, with a significantly higher prevalence in rural compared to semi urban and urban areas, similar to what has been observed in earlier studies in India [13, 14] . The proportion of individuals who used tobacco (any form) in Tamil Nadu as estimated in the latest NFHS-3 survey was estimated to be 40%, higher than our estimate particularly among males [15] . Higher tobacco use prevalence in rural areas was also observed in the national health survey. Further, the fact that the use of tobacco increased with age corroborates the findings of one of the earlier studies in India [16] and elsewhere [11] . The observation that tobacco use was associated with slum areas (i.e. with low standard of living conditions) also confirms earlier observations [14] . With respect to gender, our finding that tobacco usage was higher among males (39.6%) when compared to females (5.0%) also confirms the observations made in other studies on tobacco use [6, [9] [10] [11] 16] in India. However, the estimates of prevalence of tobacco use among males and females in our study are lower than those reported by these studies. While one study [16] reported tobacco use prevalence of 47% in men and 14% in women, another [14] reported a higher tobacco use prevalence of 50.2% for men and 15.5% for women. Interestingly, in an earlier survey conducted by NIRT in a rural area close to Chennai (Tiruvallur), tobacco smoking prevalence among males was reported to be 32% which is closer to our estimate [17] .
The use of smokeless tobacco by women (though relatively small at 5% in our study) supports the finding that use of smokeless tobacco among women is prevalent in Asian counties like India, China and Bangladesh [11] .
The findings of GATS was that majority of people in India smoked beedis and not cigarettes [11] which is different from our observation that the majority of men smoked cigarettes. This could be due to the fact that majority of smokers in this study were from the financially independent younger age groups. Our observation that majority of the tobacco users started using tobacco at the age of 15-24 years, also supports the fact the attainment of financial independence in this age group may lead to getting addicted to this habit.
With regard to quitting smoking, it was observed that 68% wanted to quit smoking and 45% even tried to stop smoking. Typically, [11] a very low proportion of smokers, (here only 2%) were successful in stopping the habit for more than 3 years. In the case of those using smokeless tobacco, 54% wanted to stop the habit currently, and 32% had already tried to stop the habit. However, majority of them continued to use tobacco and only 1% had stopped the habit for more than 3 years. This clearly underlines the addictive nature of tobacco use.
A unique feature of the current study is that we have attempted to use the information obtained on the knowledge, attitude and practice of current tobacco users to describe the behavioural patterns among smokers and smokeless tobacco users (Table 8) . Based on these results, one could plan different intervention strategies to address the different needs of each group. Hence for tobacco smokers, the usage based intervention could be in these lines:
N Group 1 (cluster I) -represents one third of smokers (35%) who could not be reached by family or friends and therefore need to be targeted with better messaging and strengthen the intervention through peer group counseling, mass media messaging and whenever they come in contact with public health staff.
N Group 2 (Cluster II and III) -this one third of smokers (35%)
are better informed of harmful effects of tobacco, even want to quit the habit but still they continue to smoke. With regard to intervention activities, this group will need intensive psychosocial and pharmacological strategies.
N Group 3 (Cluster IV)-this group of smokers (30%) consist of those who are exposed to passive smoking at home and outside and therefore need to be targeted through peer group education, both in the community and at the workplace.
Similarly for users of smokeless tobacco, based on their usage pattern (Table 9 ), the intervention activities may be as follows N Group 1 (Cluster I): About 13% of the users who could not be reached, as mentioned earlier could be targeted through peer group counseling and mass media messaging.
N Group 2 (Cluster II and III) -A majority of users (87%) who were aware of the harmful effects of tobacco, need behavioural and enhanced psychosocial counseling strategies.
Another interesting observation was that young adults (aged 15-19 years) were more aware of the harmful effects of tobacco and it was reflected in the low prevalence in that age group (Figure 1) . However, the prevalence increases with the age due to the addictive nature of the habit [3] .
Addiction to tobacco use has to be viewed as a disease entity as it is found to be associated with respiratory and vascular diseases [18] and therefore addicted tobacco users need to be treated systematically through tobacco cessation clinics to wean away from the habit.
All these suggest that there is an urgent need to strengthen the existing public health anti-tobacco campaign, and tobacco cessation clinics are needed in all public health institutions to support the control of tobacco use. Our results on the behavioural patterns of tobacco user show that control strategies need to be group specific to make the tobacco cessation programme a success. Also, medical and para-medical graduates should be trained in Table 9 . Behavioural patterns among smokeless tobacco users based on their attitude, knowledge and practice.
Clusters
Group that consists of individuals who Tobacco Use in and around Metropolitan City PLOS ONE | www.plosone.orgtobacco cessation methods, so that the tobacco use habit can be effectively dealt with both in the private and public sectors. It was found in one of the studies that television is the single largest mass media reaching both genders and all age groups; hence a welldesigned tobacco control campaign (similar to HIV awareness programs) will help curb tobacco use [19] . This finding is also supported by our study where, 92% of the participants had seen/ heard anti tobacco messages in mass media instruments like newspaper, radio and television. These suggest that mass media may be an effective tool in our country in spreading anti-tobacco messages among the public. Further, though smoking in public places is prohibited, this law needs be implemented fully, with violators being punished as per the law. Such stringent measures will improve tobacco control in India.
Conclusions
Tobacco use prevalence is higher among older age group, male population, and rural areas and in slums. Women mainly use smokeless tobacco. Since tobacco use is one of the preventable causes of morbidity and mortality, efforts should be made to control tobacco use in the country by improving the number and quality of services of tobacco cessation treatment, implementing usage based intervention strategies with counseling facilities and rigorous implementation of prohibition of smoking in public places.
